LiNH 2 BH 3 -promoted reductive opening of 8-substituted phenylglycinol-derived oxazolopiperidone lactams leads to enantiopure 4-substituted-5-aminopentanols, which are used as starting building blocks in the synthesis of the Haliclona alkaloids haliclorensin C, haliclorensin, and halitulin (formal). The starting lactams are easily accessible by a cyclocondensation reaction of (R)-phenylglycinol with racemic -subtituted -oxoesters, in a process that involves a dynamic kinetic resolution.
different positions of the piperidine ring to ultimately provide enantiopure piperidine derivatives bearing virtually any type of substitution pattern.
Taking into account that the stereocontrolled generation of chiral centers is generally more efficient and easier to accomplish in conformationally rigid cyclic systems than in acyclic compounds, we envisaged the above -lactams as potential building blocks for the synthesis of enantiopure substituted 1,5-aminoalcohols or -amino acid derivatives. Our approach would involve the stereoselective formation of the appropriate substituted lactam and then the opening of the lactam ring, with prior or subsequent removal of the phenylethanol moiety of the chiral inductor.
We report herein our studies aimed at developing this concept from lactams 2, which incorporate a substituent at the 5 position of the 2-piperidone ring, and illustrate the usefulness of the resulting substituted linear-chain amino intermediates in the total synthesis of natural products.
Lactams 2 were stereoselectively prepared 2 by cyclocondensation of racemic -oxoesters 1, 3 which bear a substituent (alkyl, phenyl, benzyl) at the epimerizable carbon  to the aldehyde carbonyl group, with (R)-phenylglycinol, in a process that involves a dynamic kinetic resolution of the racemic substrate 4,5 (Scheme 1).
Scheme 1. Synthesis of Enantiopure 4-Substituted 5-Aminopentanoic Acid Derivatives
Initially, the conversion of lactams 2 into functionalized linear-chain amino derivatives was performed by the four-step sequence outlined in Scheme 1, involving the hydrolytic opening of a 2-piperidone as the key step. Thus, removal of the chiral auxiliary from lactams 2a and 2b was accomplished by successive treatment with triethylsilane in the presence of TiCl 4 , which brought about the reductive cleavage of the oxazolidine C-O bond, and sodium in liquid NH 3 , which caused the cleavage of the benzylic C-N bond. After the resulting N-unsubstituted 2-piperidones 4a and 4b were converted to the corresponding N-Boc derivatives 5a and 5b, a final alkaline hydrolysis with lithium hydroxide in aqueous THF at room temperature, 6 followed by esterification of the resulting crude -amino acids with trimethylsilyldiazomethane, led to esters 6a and 6b. The overall process 1 → 6 can be envisaged as a reductive amination of racemic aldehyde-esters 1 using a chiral latent form of ammonia, with concomitant dynamic kinetic resolution.
A more straightforward preparation of substituted linear-chain functionalized amino derivatives was accomplished by treatment of lactams 2 with lithium amidotrihydroborate (LiNH 2 BH 3 ), which was generated in situ by deprotonation of the borane-ammonia complex with n-BuLi 7 (Scheme 2).
Scheme 2. Synthesis of Enantiopure 4-Substituted 5-Aminoalcohols 5
hydrogenation completed the first total synthesis of haliclorensin C. Unfortunately, haliclorensin C had been isolated 13 only in minute amounts (2 mg), and the 1 H and 13 C NMR spectra included in the paper show considerable contamination. These spectra probably correspond to a protonated sample since they essentially coincide with the spectra of the hydrochloride of our synthetic material (see Experimental Section and Supporting Information).
Scheme 4. Enantioselective Synthesis of Haliclorensin C
A conceptually similar strategy from the same aminoalcohol 9a, but using 4-pentenyl bromide as the alkylating agent, can be used for the synthesis of halitulin and isohaliclorensin, 17 the latter being the structure initially proposed 15a for haliclorensin (Scheme 5). Oxidation of alcohol 15 under Dess-Martin conditions, followed by Wittig methylenation of the resulting aldehyde, led to the N-hexenyl N-pentenyl amino derivative 16, from which the synthesis of halitulin and isohaliclorensin has already been reported 14c,17a using a ring-closing metathesis reaction to construct the azacyclodecane ring.
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Scheme 5. Formal Syntheses of Halitulin and Isohaliclorensin
Similarly, the protected aminopentanol 10a was envisaged as the N 5 -C 10 fragment of haliclorensin.
The synthesis of this alkaloid from 10a was also planned via a ring-closing metathesis reaction from an appropriate long-chain amino derivative, 21, bearing two terminal carbon-carbon double bonds. The synthesis is outlined in Scheme 6.
Scheme 6. Enantioselective Synthesis of Haliclorensin
9 mmol) and anhydrous Na 2 SO 4 (2.17 g, 15.3 mmol) in Et 2 O (10 mL) was stirred at 0 ºC for 5 h. The resulting suspension was filtered, and the filtrate was concentrated under reduced pressure. (1.5 mL), and the mixture was stirred at room temperature for 1.5 h. Then, saturated aqueous Na 2 S 2 O 4 (0.75 mL) and saturated aqueous NaHCO 3 (0.75 mL) were added, and the resulting mixture was stirred for 1 h. The aqueous layer was extracted with CH 2 Cl 2 , and the combined organic extracts were washed with brine, dried, filtered, and concentrated to give an aldehyde, which was used without purification in the 
(R)-4-Benzyl-5-{[(1R)-2-hydroxy-1-phenylethyl]amino}-1-pentanol (7e):

(R)-4-Benzyl-5-[(tert-butoxycarbonyl)amino]-1-pentanol (8e):
(S)-4-Ethyl-5-[(2-nitrobenzenesulfonyl)amino]-1-pentanol (9b):
1.38 mmol) in THF (10 mL) at room temperature, and the mixture was stirred for 1 h. Then, a solution of the above aldehyde in THF (10 mL) was added via cannula, and the resulting mixture was stirred at room temperature for 3 h. Saturated aqueous NH 4 Cl was added, and the resulting mixture was extracted with EtOAc. The extracts were dried, filtered, and concentrated. The residue was chromatographed -N-(2-nitrobenzenesulfonyl)-N-(4-pentenyl) 
(S)-2-Methyl
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